The oxidative coupling to 4,4'-N,N,N',N'-tetraalkylbenzidines is the main reaction observed during a study on the reactivity of N,N-dialkylanilines with SbCl 5 . A possible reaction mechanism is presented and discussed in comparison with the N,N-dialkylanilines oxidative coupling achieved with other Lewis acids.
Introduction
Antimony pentachloride reacts with monoalkylbenzenes or deactivated aromatic compounds, providing an aromatic chlorination by electrophilic aromatic substitution either as a direct chlorinating agent, [1] [2] [3] [4] [5] or as a catalyst of the chlorination with chlorine gas, 6 because of the combination of its Friedel-Crafts catalytic activity and its oxidation-reduction potential. Some hypotheses have been proposed to explain the higher aromatic para/ortho-chlorination ratio observed with SbCl 5 , in comparison to the reactions with Cl 2 /SbCl 5 , a bulky electrophilic species (SbCl 4 + /SbCl 6 + ) being postulated in the former case.
Results and Discussion
We found that the treatment of N,N-disubstituted anilines 1a-d with SbCl 5 , followed by neutralization with a base (aqueous KOH or K 2 CO 3 ), afforded N,N,N',N'-tetralkylbenzidines 2a-d in fair to good yields, together with little amounts of chlorinated products (Scheme 1 and Table  1 ). The formation of insoluble red-brown powders (named from now on, solids 3a-c) was observed in the course of all reactions after SbCl 5 addition to the N,N-disubstituted aniline solution in CH 2 Cl 2 . However, some efforts aimed at the isolation of such intermediates in solid crystalline form, from the reaction mixture before the final basic treatment, failed. However, a similar mechanism could not to be proposed when SbCl 5 was used, since a very unusual oxidation number +4 should be required for the Sb species (SbCl 4 ) detachment in this case (Scheme 3). -tetraalkylbiphenyl-4,4'-diaminium structures (Scheme 4), we carried out some experiments to investigate the nature of that reaction intermediates and to deepen the synthetic applications of such reaction.
First, different experimental conditions have been explored, and the collected data showed that better yields of benzidines 2a-d can be obtained in the presence of stoichiometric amounts of SbCl 5 (Table 2) .
Subsequently, we performed some specific coupling experiments to clarify the nature of our reaction intermediates, aimed at definitively exclude the hypothesis of their "aniline" structure (e.g., adduct 1 C-Sb , Scheme 3) and/or confirming its "benzidinium" nature, as depicted in Scheme 4.
We isolated the two solid-intermediates 3a and 3c from the reaction of SbCl 5 with N,Ndimethylaniline 1a and N,N-diisopropylaniline 1c, respectively. Then, equimolecular amounts of 3a and 3c were mixed and heated under reflux in the presence of KOH (Scheme 5). As a result, only the symmetric benzidines 2a and 2c were obtained (Scheme 5), and no cross-coupling reactions were observed, as expected if the solids 3a and 3c had the adducts 1 C-Sb structures.
Scheme 5
Next, we studied the reaction between N,N-diisopropylamine 1c and the solid 3a: this experiment provided the symmetrical substituted benzidine 2a, together with some starting unreacted aniline 1c (Scheme 6).
Scheme 6
Conversely, little amounts of 2f was detected in the reaction of an equimolecular mixture of the two anilines 1a and 1c with SbCl 5 , followed by the basic treatment (aq. KOH) (Scheme 7). The different conversion of the two anilines could be due to the different rate of reaction of the starting materials.
Scheme 7
All the results collected in the above described coupling experiments are consistent with the hypothesis that in the reaction with SbCl 5 , the C-C formation between the two N,Ndialkylarylamines moieties plausibly takes place before the final basic treatment: consequently, the structure of adduct 1 C-Sb (and the following radical intermediate of Scheme 3) are not consistent with the nature of the solid intermediates 3a-d.
Based on the above results, we proposed that the benzidines formation could occur plausibly through a SE mechanism, as hypothesized in Scheme 4, where the dimerization could be explained as the result of a preliminary interaction of SbCl 5 with the arylamine nitrogen of one molecule, followed by the coupling of the 1 N-Sb adduct with a second molecule of the starting aniline.
According to that hypothesis, the dimerization step should be rate determining, and a decrease of reactivity should be observed with sterically hindered substrates.
As expected, low reactivity was observed in the reaction of 1-N,N-dimethylnaphthylamine (1g) with SbCl 5 (Scheme 8), probably due to the involvement of two species (naphthylamine and ammonium adduct), both with a hindered α-position.
Scheme 8
However, since has been reported that SbCl 5 reacts through the formation of cation-radical intermediates in similar reaction conditions, 14 a radical mechanism hypothesis could not definitively be excluded. Further investigations are actually in progress on this point, aimed also to a full characterization of the reaction intermediates 3a-c by X-ray crystallography.
Conclusions
In conclusion, in this investigation SbCl 5 was found to promote oxidative coupling of N,Ndialkylarylamines to benzidines. On the basis of specific coupling experiments, and the spectroscopic and analytical data collected for the solid intermediates 3a-c, the benzidines formation could be explained as the result of a preliminary interaction of SbCl 5 with the nitrogen atom of one arylamine molecule, followed by the coupling of this N-adduct with a second molecule of the starting aniline. However, since SbCl 5 reacts through the formation of cationradical intermediates, 14 a radical mechanism hypothesis could not definitively be excluded.
Further investigations are in progress on this point, aimed to a full characterization of the reaction intermediates 3a-c by X-ray crystallography. Other investigations are also in progress to optimize the yields of the formation of not-symmetrically substituted benzidines and/or other different coupling products. The oxidative coupling of aniline derivatives here reported provides a new synthetic methodology to N,N,N',N'-tetraalkylbenzidines, that are actually interesting studied and used for their electric conductivity in the field of organic solar cells, photoconductors, oLED and other interesting devices.
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Experimental Section
General. Melting points taken on Electrothermal apparatus were uncorrected. Tables 1 and 2 for other substrate/base ratios and conditions. To a solution of N,N-dialkylarylamine (1a-g) (0.960 mL, 5 mmol) in freshly distilled CH 2 Cl 2 (5 mL) kept at room temperature, a solution of SbCl 5 (0.633 mL, 5 mmol) in CH 2 Cl 2 (5 mL) was dropwise added, in a nitrogen-flushed three necked flask equipped with a magnetic stirrer, nitrogen inlet and two dropping funnels. The reaction mixture was stirred for 24 h at room temperature; then, to the formed red suspension, a solution of KOH 1M (10 mmol, 10 mL) was added. The obtained dark reaction mixture was refluxed for 1h at room temperature. The two phases were separated and the aqueous layer was extracted three times with CHCl 3 . The combined organic extracts were dried over anhydrous Na 2 SO 4 and the solvent was evaporated under reduced pressure. GC analysis or 1 H NMR spectra were recorded on reaction crudes for the determination of the substrate conversion percentages; column chromatography of the residue (alumina or silica gel, petroleum ether/ethyl acetate 19:1 to 7:3) afforded the products depicted in Tables 1-2 -tetraisopropylbiphenyl-4,4'-diaminium structure.
